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Abstract

Objective: This study aimed to evaluate the therapeutic effects of minimally invasive lateral,

posterior, and posterolateral sacroiliac joint fusion for low back pain through a meta-analysis.

Methods: The PubMed, Web of Science, Embase, Cochrane Library, and ClinicalTrials.gov data-

bases were comprehensively searched for studies up to 31 August 2024. Relevant studies using

lateral, posterior, and posterolateral approaches were identified. Pooled outcomes and publica-

tion bias were assessed. The study was registered with PROSPERO (registration No.

CRD42023451047)

Results: A total of 48 studies were included: 32 focused on the lateral approach, 10 on the

posterior approach, four on the posterolateral approach, and two compared the lateral and

posterolateral approaches. The pooled effect analysis showed statistically significant improve-

ments in the visual analog scale (VAS) scores for all three approaches at 6 and 12 months

postoperatively. Although no between-approach comparisons were conducted, the pooled

improvements in VAS scores at 6 and 12 months postoperatively were numerically similar

across all three approaches, as were the pooled fusion rates. The pooled complication rate

for the lateral approach was 9.2%, numerically higher than 1% for the posterior approach. The

pooled revision rate for the lateral approach was 2.4%, also numerically higher than 0.6% for the

posterior approach.

Conclusions: Although pain relief and fusion rates were similar across all approaches, the lateral

approach might be associated with a higher risk of total complications and revision surgery.
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Introduction

Low back pain is very common in today’s

society and often seriously affects patients’
quality of life. Some causes of low back

pain are related to sacroiliac joint diseases,

which need to be confirmed by physical

examinations, such as a pelvic compression

separation test and Patrick’s test.1

Sacroiliac joint diseases may be treated con-

servatively and/or surgically. Conservative

treatment includes medication, physiother-

apy, acupuncture, and local blocking. If
conservative treatment is ineffective, sacro-

iliac joint fusion may be considered.2–4

Minimally invasive sacroiliac joint fusion

has the advantages of less blood loss and
a shorter operation time than open

fusion,5 and includes three surgical

approaches: lateral, posterior and postero-

lateral. There are currently few comparative

studies of the three surgical approaches in
minimally invasive sacroiliac joint fusion,

and most meta-analyses have not provided

separate analyses for each. The purpose of

the present study was to conduct a system-
atic review and meta-analysis evaluating the

therapeutic effects of minimally invasive

lateral, posterior, and posterolateral sacro-

iliac joint fusion on low back pain of sacro-
iliac joint origin.

Materials and methods

This study followed the Preferred

Reporting Items for Systematic reviews

and Meta-Analyses (PRISMA) 2020 guide-

lines,6 and was registered on PROSPERO
under registration No. CRD42023451047.

Search strategy

The PubMed, Web of Science, Embase,

Cochrane Library, and ClinicalTrials.gov

databases were searched for articles related

to minimally invasive sacroiliac joint fusion

for low back pain of sacroiliac joint origin,

published up to 31 August 2024. The

Medical Subject Heading (MeSH) search

terms included sacroiliac joint/surgery and

minimally invasive surgical procedures.

These keywords and their corresponding

free words, together with Boolean opera-

tors, were used to create search formulas.

The detailed search strategy is provided in

Supplemental materials. After removal of

duplicates, titles and abstracts were inde-

pendently screened by two independent

reviewers (KX and YLL), with any dis-

agreements resolved by a third reviewer

(SHX), followed by full-text review of

remaining articles by two independent

reviewers (KX and YLL), according to the

inclusion and exclusion criteria. In addi-

tion, the references of the screened articles

were read as an alternative way to identify

articles suitable for this meta-analysis. The

final selected articles were classified accord-

ing to the surgical approaches: lateral, pos-

terior, and posterolateral.

Inclusion and exclusion criteria

The inclusion criteria comprised: (1) studies

on low back pain of sacroiliac joint origin;

(2) studies on minimally invasive sacroiliac

joint fusion for low back pain; (3) studies

with a follow-up period of more than
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6 months; (4) studies published in English;
and (5) quantitative studies.

The exclusion criteria comprised: (1)
studies including patients with neoplastic
disease; (2) studies including patients with
acute traumatic diseases; (3) review articles;
(4) animal studies; (5) studies with incom-
plete data; (6) studies on revisional surgery
of the sacroiliac joint; (7) studies including
patients with infectious diseases; (8) studies
with a sample size less than 10; and/or (9)
studies with overlapping data.

Assessment of studies

The methodological quality of included
studies was assessed independently by two
authors (SHX and YLL). Cohort studies, a
type of observational study design for eval-
uating the association between exposure and
outcomes, with participants divided into
exposed and non-exposed groups, were eval-
uated for quality using the Newcastle-
Ottawa Scale, with a maximum of 9
points.7 Each cohort study was assessed
based on eight items, which were divided
into three categories: selection, comparabili-
ty and outcome. All cohort studies men-
tioned in the present manuscript were
comparative studies, not single-arm studies.
The Cochrane Collaboration’s tool was used
to assess the quality of randomized con-
trolled trials (RCTs),8 focusing on seven
key evaluation criteria, including random
sequence generation, allocation conceal-
ment, blinding of participants and person-
nel, blinding of outcome assessment,
completeness of outcome data, selective
reporting, and identification of potential
sources of bias. For case series and prospec-
tive multicenter single-arm studies, quality
evaluation was conducted using the Joanna
Briggs Institute critical appraisal tool,9

which comprises 10 questions assessing the
internal validity and risk of bias. A case
series was defined as a descriptive study
design that focuses on the characteristics,

clinical presentations, treatment responses,
and outcomes of patients, without including
a control group.

Data extraction

The following data were extracted from the
included articles: (1) demographic parame-
ters, including study type, approach, sample
size (minimally invasive sacroiliac joint
fusion, MISIJF), sex, age, internal implant
name, comparison group, follow-up time
and prior lumbar fusion proportion;
(2) visual analog scale (VAS) score for low
back pain preoperatively, and at 6 and
12 months postoperatively; and (3) the
total complication rate, revision rate, and
fusion rate during the follow-up period.
The total complication rate included any
intraoperative and postoperative complica-
tion. Fusion was defined as bone bridging
within the sacroiliac joint and absence of
screw loosening on the radiographic
image. For both RCTs and cohort studies,
only participants who received minimally
invasive sacroiliac joint fusion were ana-
lyzed. All the parameters were confirmed
by two authors (KX and YLL), and in
case of disagreement, the two authors nego-
tiated to reach a consensus.

Outcomes

Improvement of VAS score was defined as
the mean difference in low back pain scores
before and after surgery. The VAS score
improvements were calculated at 6 and
12 months postoperatively and pooled esti-
mates for different surgical approaches are
presented. Additionally, the pooled total
complication rate, pooled revision rate, and
pooled fusion rate were calculated and
reported for the various surgical techniques.

Certainty of evidence

The Grading of Recommendations
Assessment, Development and Evaluation

Xu et al. 3



(GRADE) was used to evaluate the certainty
of evidence for the meta-analysis. Using the
GRADE approach, the study design was first
considered, followed by examination of vari-
ous factors for potentially downgrading or
upgrading the quality of a body of evidence,
which was finally classified into one of four
levels: very low, low, moderate or high.10

GRADE was used to assess the quality of
evidence for each pooled effect estimate.

Statistical analyses

Meta-analysis, sensitivity analysis and pub-
lication bias testing (Egger’s test) were per-
formed using Stata 14 (2015) statistical
software (StataCorp LLC, College Station,
TX, USA). If the number of studies includ-
ed in the meta-analysis exceeded 10, a pub-
lication bias assessment was conducted.
Data are presented as mean and SD, with
results of individual studies and syntheses
displayed utilizing forest plots. When calcu-
lating the pooled parameter, P (Q test) <0.1
or I2> 50% was considered to indicate het-
erogeneity. A leave-one-out sensitivity anal-
ysis was conducted to identify potential
sources of heterogeneity. Specifically, one
study was removed at a time and the meta-
analysis was re-run to assess the impact of
each study on the overall results. After
exploring potential factors contributing to
the heterogeneity in the identified study,
the study may be excluded. However, cau-
tion should be exercised when excluding
studies in meta-analyses with a small
number of included studies. If no heteroge-
neity was present, a fixed-effect model was
used to combine effect sizes; if heterogeneity
existed, a random-effect model was applied.

Results

Search results

A total of 679 articles were identified using
the search strategy. After screening and

assessing eligible articles, 48 articles

were ultimately included in the meta-

analysis.4,5,11–56 The selection process is

detailed in Figure 1.

Characteristics of included studies

A total of 32 studies investigated the lateral

approach, 10 investigated the posterior

approach, four investigated the posterolat-

eral approach, and two compared the lateral

and posterolateral approaches (the studies

by Claus et al.11 and Cahueque et al.12).

The included literature contained three

RCTs,20,25,27 all of which focused on the lat-

eral approach. In two of the RCTs,20,25 the

control group received conservative treat-

ment, and in the RCT by Randers et al.,27

the control group underwent sham surgery.

The remaining study types included six

cohort studies,4,5,11,12,31,33 a total of 33 case

series,13–19,22,23,26,28–30,32,34–37,39,41,42,44,45,47–56

and six prospective multicenter single-arm

studies.21,24,38,40,43,46 All included studies

are summarized in Table 1.

Methodological quality of included studies

and GRADE assessment

Bias assessments for the case series and pro-

spective multicenter single-arm studies,

cohort studies, and RCTs are provided in

Supplemental Tables S1, S2, and S3, respec-

tively. Each pooled effect estimate included

case series studies, which are considered

very low-quality evidence in GRADE

assessment, with no potential for upgrading

the quality of evidence of case series studies.

Therefore, the quality of all pooled effect

estimates was rated as very low. Tables

summarizing the findings for the lateral

approach, posterior approach, and postero-

lateral approach are provided in

Supplemental Tables S4, S5, and S6,

respectively.
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Outcomes of the meta-analysis

VAS score improvement at 6 months

postoperatively. Nine studies on the lateral
approach,11,15,16,21,26,27,36,37,39 three studies
on the posterior approach,43,46,47 and
three studies on the posterolateral
approach,11,53,54 reported preoperative
and 6-month postoperative VAS scores
for low back pain, with pooled mean
differences of 4.3 (95% confidence interval
[CI] 3.6, 5.0; I2¼ 92.2%, Q test P value
<0.001), 4.8 (95% CI 3.6, 6.0; I2¼ 86.1%,
Q test P value¼ 0.001), and 3.0 (95%
CI 1.6, 4.4; I2¼ 89.9%, Q test P value
<0.001), respectively (Figure 2).
Following the leave-one-out analysis, no
studies were excluded. In these studies, sig-
nificant pain reduction was consistently
observed.

VAS score improvement at 12 months

postoperatively. Fifteen studies on the lateral

approach,11,12,15,16,19,21,23,26,28,31,34,36–39 two

on the posterior approach,46,47 and four on

the posterolateral approach,11,12,53,54

reported preoperative and 12-month post-

operative VAS scores for low back pain,

with pooled mean differences of 5.0 (95%

CI 4.5, 5.4; I2¼ 85.3%, Q test P value

<0.001), 4.9 (95% CI 3.6, 6.2; I2¼ 82.5%,

Q test P value¼ 0.017), and 3.8 (95% CI

1.9, 5.7; I2¼ 96.5%, Q test P value¼ 0.001),

respectively (Supplemental Figure S1).

Leave-one-out analysis revealed no source

of heterogeneity for all approaches. No

publication bias was identified in the lateral

approach studies.
Significant postoperative reduction in

pain was consistently observed in these

Figure 1. PRISMA flowchart of articles investigating different approaches to minimally invasive sacroiliac
joint fusion for low back pain of sacroiliac joint origin included in the meta-analysis.
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Figure 2. Forest plot of pooled VAS score improvements at 6 months postoperatively for three
approaches to minimally invasive sacroiliac joint fusion for low back pain of sacroiliac joint origin. VAS, visual
analog scale; N, number; CI, confidence interval; Pre-mean, mean preoperative low back pain; Pre-SD,
standard deviation of preoperative low back pain; Post-mean, mean postoperative low back pain; Post-SD,
standard deviation of postoperative low back pain; MD, mean difference.
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studies. Thus, the impact of preoperative
pain scores on VAS score improvement at
12 months postoperatively was analyzed.
For studies with preoperative VAS scores
�8, the pooled mean difference in postop-
erative scores was 5.18 (95% CI 4.72, 5.64),
which was numerically higher than that for
studies with preoperative VAS scores <8, at
3.94 (95% CI 2.88, 5.00; Supplemental
Figure S2).

Total complication rate. Sixteen studies on the
lateral approach,5,12,13,16,18,,20,23,25,27,31,32,
35,38–41 six on the posterior approach,43,46–
49,51 and three on the posterolateral
approach,12,55,56 reported total complica-
tion rates, with pooled total complication
rates of 9.2% (95% CI 4.4%, 15.2%;
I2¼ 83.0%, Q test P value <0.001), 1%
(95% CI 0.1%, 2.6%; I2¼ 22.1%, Q test
P value¼ 0.267), and 3.7% (95% CI
0.0%, 21.0%; I2¼ 77.9%, Q test P val-
ue¼ 0.011), respectively (Figure 3). Leave-
one-out analysis revealed no source of
heterogeneity for the lateral and posterolat-
eral approaches. No publication bias was
detected in the lateral approach studies.

Revision rate. Twenty-eight studies on the
lateral approach,4,5,11–14,16–21,23–27,29,31–35,
37,39–42 seven on the posterior
approach,43,45–48,51,52 and five on the pos-
terolateral approach,12,53–56 reported revi-
sion rates, with pooled revision rates of
2.4% (95% CI 1.3%, 3.9%; I2¼ 49.6%, Q
test P value¼ 0.002), 0.6% (95% CI 0.0%,
1.8%; I2¼ 42.4%, Q test P value¼ 0.108),
and 0.9% (95% CI 0.0%, 2.9%; I2¼ 0.0%,
Q test P value¼ 0.875), respectively
(Figure 4). Leave-one-out analysis revealed
no source of heterogeneity in the lateral
approach. No publication bias was detected
in the lateral approach studies.

Analyses of the impact of different
implant types on the revision rate for the
lateral approach revealed that the pooled
revision rate for iFuse implants was 3.3%

(95% CI 2.1%, 4.7%), which was numeri-

cally higher than that for non-iFuse

implants at 1.1% (95% CI 0.2%, 2.4%;

Supplemental Figure S3).

Fusion rate. Seven studies on the lateral

approach and four studies on the postero-

lateral approach reported fusion

rates,13,16,26,28,38–40,53–56 with pooled fusion

rates of 88.1% (95% CI 76.7%, 96.4%;

I2¼ 83.0%, Q test P value <0.001) and

95.2% (95% CI 84.7%, 100.0%;

I2¼ 76.0%, Q test P value¼ 0.006), respec-

tively. Following the leave-one-out analysis,

no studies were excluded. The pooled fusion

rate for four studies on the posterior

approach was 66.9% (95% CI 29.9%,

95.5%; I2¼ 91.5%, Q test P value

<0.001).43–45,52 Through leave-one-out

analysis, the study by Fuchs et al.45 was

identified as the source of heterogeneity,

with a fusion rate of 31%, significantly

lower than other studies, possibly due to

suboptimal implant positioning and shorter

follow-up duration. After excluding this

study, heterogeneity decreased, and the

pooled fusion rate was recalculated using

a fixed-effects model to be 83.1% (95%

CI 69.5%, 93.8%; I2¼ 0.0%, Q test P val-

ue¼ 0.427; Supplemental Figure S4).

Summary of the three approaches

The outcomes of the three surgical

approaches are summarized in Table 2.
The pooled complication rate for the lat-

eral approach was 9.2% (95% CI 4.4%,

15.2%), numerically higher than 1% (95%

CI 0.1%, 2.6%) for the posterior approach.

The pooled revision rate for the lateral

approach was 2.4% (95% CI 1.3%,

3.9%), also numerically higher than 0.6%

(95% CI 0%, 1.8%) for the posterior

approach. The remaining indicators were

numerically similar.
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Figure 3. Forest plot of pooled total complication rates for three approaches to minimally invasive
sacroiliac joint fusion for low back pain of sacroiliac joint origin. N, number; CI, confidence interval.
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Figure 4. Forest plot of pooled revision rates for three approaches to minimally invasive sacroiliac joint
fusion for low back pain of sacroiliac joint origin. N, number; CI, confidence interval.
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Discussion

Diagnosing sacroiliac joint-related pain

requires imaging studies to exclude other

causes of low back pain, such as lumbar

spine disorders and peripheral plexopathies.

Peripheral plexopathies often affect multi-

ple nerve roots, while lumbar spine disor-

ders typically involve a single nerve root.57

Currently, there are two ways to achieve

sacroiliac joint fusion: minimally invasive

surgery and open surgery. According to

the literature, minimally invasive sacroiliac

joint fusion is generally believed to be supe-

rior to open surgery. For example, minimal-

ly invasive sacroiliac joint fusion has been

associated with less blood loss and a shorter

operation time than open fusion, but with

similar Oswestry Disability Index.5 In

another study, open sacroiliac joint fusion

was associated with greater hospitalization

costs than minimally invasive fusion,58 and

minimally invasive sacroiliac joint fusion

has been associated with better patient-

reported outcomes than open fusion.59

To the best of our knowledge, there are

very few studies comparing different surgical

approaches for minimally invasive sacroiliac

joint fusion. Claus et al.11 reported similar

pain relief at 6 and 12 months postoperative-

ly between the lateral approach and the

posterolateral approach, which is consistent
with the present conclusions.

Cahueque et al.12 reported a case of

nerve compression following lateral
approach surgery, requiring revision sur-

gery. However, no such cases were observed
with the posterolateral approach, which

aligns with the present pooled findings of
a higher complication and revision rate

with the lateral approach.
In the present study, literature on the

treatment of low back pain of sacroiliac

joint origin with minimally invasive sacroil-
iac joint fusion was analyzed. Although

pain relief and fusion rates were similar

across all approaches, the lateral approach
might be associated with a higher risk of

total complications and revision surgery.
In 2024, a meta-analysis by Ghaddaf

et al.60 concluded that minimally invasive

sacroiliac joint fusion using triangular tita-
nium implants is superior to non-surgical

treatments in terms of pain relief, functional
improvement, and enhanced quality of life.

A review by Mehkri et al.61 suggested that

VAS scores significantly decreased during
follow-up after minimally invasive sacroili-

ac joint fusion, with an average reduction
of 50.33% at 6 months postoperatively

and 61.94% at 12 months postoperatively.
The mean fusion rate was 84.92%.

Table 2. Summary of the therapeutic effects of lateral, posterior, and posterolateral minimally invasive
sacroiliac joint fusion techniques for low back pain of sacroiliac joint origin.

Variable

Technique

Lateral Posterior Posterolateral

VAS score improvement

6months postoperatively 4.3 (3.6, 5.0) 4.8 (3.6, 6.0) 3.0 (1.6, 4.4)

12months postoperatively 5.0 (4.5, 5.4) 4.9 (3.6, 6.2) 3.8 (1.9, 5.7)

Pooled total complication rate, % 9.2 (4.4, 15.2) 1 (0.1, 2.6) 3.7 (0, 21)

Pooled revision rate, % 2.4 (1.3, 3.9) 0.6 (0, 1.8) 0.9 (0, 2.9)

Pooled fusion rate, % 88.1 (76.7, 96.4) 83.1 (69.5, 93.8) 95.2 (84.7, 100.0)

Data presented as mean difference (95% CI) or % (95% CI).

VAS score improvement is defined as the mean difference in low back pain scores before and after surgery.

CI, confidence interval; VAS, visual analog scale.
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These findings are similar to those in the

present meta-analysis; however, previous

meta-analyses have generally not differenti-

ated between the surgical approaches. Of

note, the 2023 study by Whang et al.62 com-

pared pain relief across three different sur-

gical approaches for sacroiliac joint fusion

but did not evaluate pain relief at specific

time points, whereas the present review

included updated studies and pain improve-

ment was calculated at 6 and 12 months

postoperatively.
The studies included in the present inves-

tigation displayed a wide range of demo-

graphic characteristics, with mean ages

spanning between 32 and 69.8 years, and

the proportions of female patients ranging

from 21% to 100% (see Table 1). These

demographic factors may have influenced

the differences in therapeutic outcomes

among the different surgical approaches.
Low back pain may be caused by various

conditions located in the lumbar and pelvic

regions. Prior lumbar fusion is a common

comorbidity, and has been reported in

several studies (see Table 1).4,11,12,17,19,21,

23,25,26,28,29,31,34,36,39,40,43,44,54–56 However,

the vast majority of studies did not perform

subgroup analyses or provide specific data

for such analyses, making it impossible to

merge this information. The impact of

comorbidities on the treatment outcomes

of minimally invasive sacroiliac joint

fusion warrants further investigation.
At present, there are many studies on

minimally invasive sacroiliac joint fusion

via the lateral approach, and iFuse is the

main implant type. However, there are

limited studies involving the posterior

and posterolateral approaches. The current

meta-analysis indicated that surgery via the

posterior approach might offer the advan-

tage of fewer complications. Therefore, min-

imally invasive sacroiliac joint fusion via the

posterior approach has potential for devel-

opment and deserves additional research.

The results of the present meta-analysis

may be limited by several factors: (1) few

studies on the posterior and posterolateral

approaches were included; (2) most of the

studies included in this meta-analysis were

case series, providing very low-quality evi-

dence. There were no RCTs on the posteri-

or and posterolateral approach; (3) the

search strategy required the inclusion of

the terms ‘minimally’ or ‘minimal’ in the

title or abstract to ensure a focused selec-

tion of studies. However, this approach

may have constrained the comprehensive-

ness of the search, potentially omitting

studies that did not use these specific key-

words; and (4) through the bias assessment,

some articles were found to have a high risk

of bias. However, since sensitivity analysis

indicated that these high-bias articles were

not a source of significant heterogeneity,

and the number of studies on the posterior

and posterolateral approaches was relative-

ly small, exclusion was considered inappro-

priate. Therefore, the present findings

should be interpreted with caution. More

high-quality studies on minimally invasive

sacroiliac joint fusion are required in the

future to obtain more convincing results.

Conclusions

Pain relief and fusion rates were similar

across all approaches to minimally invasive

sacroiliac joint fusion for low back pain of

sacroiliac joint origin. However, it is impor-

tant to note that the lateral approach might

be associated with a higher risk of total

complications and revision surgery.
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